S pecialized firms engaged in service offshoring contracts often face a tension between specializing in their own domain and maintaining knowledge in their partners' domains. When knowledge is "peripheral" to a firm's own specialty (e.g., an information technology (IT) service contractor's knowledge of a client's business domain or a client's technical knowledge of a contractor's domain), firms face a paradoxical dilemma of how much of such knowledge to invest in. This paper explores when it is important for clients and contractors to have in-house knowledge beyond their own, to be effective in IT service offshoring. We explore IT service engagements where it is more important for (a) the client to have deeper technical knowledge and (b) the contractor to have deeper business domain knowledge. We define the pattern of client-contractor knowledge overlaps as interfirm knowledge partitioning.
Introduction
As firms grapple with the decision about whether to outsource a service activity or to vertically integrate it, they must contend not just with fundamental firm boundary questions but also the consequences of such decisions on the future evolution of their capabilities. Sourcing decisions made today might have capability consequences tomorrow; Therefore, service sourcing decisions are deeply intertwined with firm capabilities (Argyres and Zenger 2012) . A fundamental premise in the core capabilities perspective is that firms can specialize more deeply in activities that they are good at and outsource service activities that support-but are not central to-their core competence (Prahalad and Hamel 1990) . However, recent studies have questioned whether firms need to know more than they make (Brusoni et al. 2001 )-that is, whether the knowledge boundaries of the firm can be larger than the knowledge needed for the activities that a firm retains in-house (Takeishi 2002) . This small stream of research shows that firms sometimes do need knowledge of the activities that they do not perform in-house and instead outsource to specialized contractors. However, the question of when a client or contractor needs knowledge of its partner's specialized domain has rarely been addressed in the service science literature. The challenges of coordinating the work of the firm and its contractors in the presence of interfirm specialization are even more pronounced when the service contractor is an offshore firm (Bunyaratavej et al. 2011 , Petersen et al. 2005 .
We define information technology (IT) service offshoring as the contracting of an IT service production activity to a specialized offshore contractor (Bunyaratavej et al. 2011) . The offshore IT service firm (hereafter, the "contractor") undertakes a customized IT service delivery activity for a client firm. Examples include IT services such as maintenance activities for systems used by the client firm, data cleansing and migration, Web enablement of proprietary existing systems, and repair and performance enhancement of client-specific IT systems. Other examples include the development of smartphone apps for end customers, specialized firm-specific IT systems for business process coordination, inventory management, and production. This is a growing market accounting for several billion dollars in annual global services trade, with considerable variance in success and failure among firms (Cortada 2011 ). Although we elaborate in §2.1 on how this differs from traditional product development outsourcing, the critical differentiating characteristic is that the client firm's unique business processes 3 services production, their effect in IT services offshoring is especially pronounced because (a) the contractor is less likely to understand the client's business as well an internal IT department, and (b) the separation imposed by organizational boundaries may hinder the sharing of engagement-relevant knowledge. IT service offshoring thus provides an appropriate context for exploring this question.
The key original contribution of the study is new theoretical insights into how alignment between interfirm knowledge partitioning and service engagement newness type influences interfirm knowledge integration in service offshoring arrangements. Low interfirm knowledge overlaps suffice in routine service offshoring engagements, but different patterns of asymmetric interfirm knowledge overlaps are required for effective interfirm knowledge integration in the presence of conceptual and process newness in offshoring engagements. The theoretical conceptualization of interfirm knowledge partitioning and its newness-contingent alignment at the engagement level is a unique contribution to the service science literature.
The key implication for service science is that although specialization is a competitive necessity in service firms, it is sometimes necessary for them to have knowledge beyond their domain of specialty in order to specialize effectively. As firms increasingly rely on outsourcing specialized services to contractors, yet heavily rely on such services to compete in the services marketplace, it becomes important for these firms to manage the tension between specialization around their core competence and the effective production of strategically critical services. The most intriguing implication of the results for the service science literature is that alignment between client-contractor knowledge partitioning and engagement newness is a critical predictor of interfirm knowledge integration in offshoring IT services. Our results imply that it is sometimes necessary for clients and services contractors to possess knowledge of their partner's domain that lies outside their own core domain.
The remainder of this paper is organized as follows. In §2, we develop the research model. In §3, we describe the research methodology, followed by analyses in §4. We discuss the results in §5 and their implications in §6. We conclude in §7.
Theoretical Development

Product Development vs. Services Offshoring
The most rapid growth in the service sector has been in business-to-business support services that produce no material output but are essential to the functioning of organizations (Domberger 1998, p. 181) . Domberger (1998, p. 181 ) specifically emphasizes corporate information systems development and maintenance as a key example of such service functions. The service sector makes up about 80% of the U.S. economy and is largely driven by the innovative use of customized networked information technology systems (Gray 2012, pp. 16, 102) . We refer to such activities as IT services. Until recently, IT services were considered so integral to firms that outsourcing them would rarely have been considered a viable alternative to internal production (Domberger 1998, p. 182) . However, rapid technological advances and the emergence of highly specialized IT service contractors in India, Russia, and Ireland in the past decade has led to widespread offshoring by Western firms in order to access rapidly evolving specialized technical expertise (Bunyaratavej et al. 2011 , Domberger 1998 . In addition to rapidly gaining access to specialized technical expertise, clients can also benefit from the larger economies of scale offered by such specialized contractors, allowing the outsourcing firm to focus on innovating in a more specialized manner around its area of core competence (Domberger 1998, p. 197) . Furthermore, such IT services are usually customized to individual client firms; the low-cost interaction across global boundaries facilitated by the Internet allow clients and their contractors to interact and coordinate across large geographical distances in a manner that is conducive to rich interaction-something that would have previously required frequent face-toface contact feasible only with in-house IT staff (Arora et al. 2001) . Therefore, a significant contributor to the growth of the broader services sector is in large part attributable to the growth of such contracting arrangements between differentially specialized firms (Bunyaratavej et al. 2011; Domberger 1998, p. 194) .
There are several important distinctions between services and product development outsourcing. Unlike product-based businesses where fixed costs predominate, variable costs predominate in service businesses. Process rigor and efficiency are critical in service businesses; returns to scale resembling those in product businesses are rare (Nambisan 2001) . Therefore, the returns to scale in service delivery are tied to the rigor and efficiency of the processes used in producing them. Knowledge is a critical asset in service settings, and there is an increasing movement toward greater interfirm specialization in client-contractor relationships (Nambisan 2001) . In other words, services outsourcing provides opportunities for greater specialization across partnering firms, potentially allowing both partners to benefit from the economies of scale and scope relative to performing the same activities in-house. However, as knowledge at the firm level becomes more specialized, the question of when partnering Service Science, Articles in Advance, pp. 1-22, © 2013 INFORMS firms need peripheral knowledge becomes even more critical to address. Whereas knowledge of the client firm's idiosyncratic business processes and activities can sometimes be important for effective customization to the client's unique needs, service production efficiency tied to contractor processes is critical to maintain if the contractor is to keep the variable costs of service delivery competitive. Service production thus involves cocreation with clients and designing IT systems that can interoperate with other systems and data assets of the client firm (Gray 2012, p. 23 ). This implies that there are limits to interfirm specialization and contexts where a minimal overlap approach for knowledge partitioning between the contractor and the client no longer suffices.
2.1.1. Research Context: IT Services Offshoring Industry. IT services offshoring is a particularly appropriate research setting for addressing our research question for three reasons. First, the IT industry is typical of a service business that originated as a product business (Nambisan 2001) . Even the provisioning of IT services by in-house IT departments represents a service activity. The growing shift toward IT services offshoring has been widely documented in recent studies (Arora et al. 2001 , Ethiraj et al. 2005 . Although the industry began with packaged products sold to consumers, a widespread growth of custom-developed corporate information systems led to the formation of a global industry specializing in meeting the demand for highly customized, firm-specific IT systems. The corporate expenditures on IT represent the single largest capital expense in the United States, with an annual global expenditure of about $2 trillion (Cortada 2011) . This widespread adoption of highly customized corporate IT systems subsequently blurred the product-versus-service boundaries, with a growing shift toward service-oriented business models to support, extend, and maintain such custom-built systems (Nambisan 2001, Rai and Sambamurthy 2006) . Second, the systems developed in IT offshoring arrangements are uniquely customized to the client firm, idiosyncratic to its business processes and practices (i.e., high client specificity). Unlike products, services cannot be designed or produced in isolation; they are often cocreated with client firms (Gray 2012, p. v) . The IT services offshoring industry is therefore specialization driven. Thus there is a stronger service element than there is in traditional product development, but less so than having a contractor manage and deliver commoditized IT services (e.g., sourcing of email provisioning to a company such as Google, Web hosting by a Web services firm). Third, the key types of specialized knowledge-technical IT knowledge and business knowledge-are comparable across diverse industries in IT services offshoring contracts.
Knowledge in IT Service Production
IT service production is a knowledge-intensive activity that involves the coordinated application of a variety of specialized knowledge to formulate an appropriate IT solution to a specialized business problem. Rus and Lindvall (2002) identify two types of pertinent knowledge: (1) technical knowledge that is used to accomplish the IT service provisioning activities and (2) knowledge about the business domain that guides the IT service activities. Technical knowledge is defined as knowledge about design (e.g., IT architecture, design patterns, heuristics, best practices, estimation models), programming (e.g., languages, tools), and software processes (e.g., analysis, design, testing, debugging procedures). Business domain knowledge is defined as knowledge about the processes, rules, policies and procedures, and objectives associated with the offshored engagement's problem domain.
Interfirm Knowledge Integration
Solutions to complex problems represent syntheses of existing complementary knowledge (Nickerson and Zenger 2004) . In complex technology development, various types of complementary specialized knowledge must be applied (Carlile 2004) . A key requirement in such engagements is integrating knowledge across the boundaries created by specialized knowledge domains to solve engagement-specific problems. Here, integration refers to jointly applying the various types of specialized knowledge-in this case, knowledge of the problem domain and technical knowledge-to the task at hand. In IT service offshoring, technical knowledge and business domain knowledge must therefore be effectively integrated to produce the contracted IT services (Faraj and Sproull 2000, Tiwana and McLean 2005) . Prior research has shown that the integration of business domain knowledge with technical knowledge is a critical antecedent of performance in IT production (Faraj and Sproull 2000 , Mitchell 2006 , Tiwana 2004a , Tiwana and McLean 2005 . Therefore, the client's rich and complex understanding of the objectives that the offshored IT activities will serve in the client firm and of the possibilities and constraints of the underlying technologies and development process must be integrated. Service production therefore requires interfirm coordination and knowledge integration (Gray 2012, p. 56 ). An accurate understanding of the client's needs and priorities must also be reflected in the intermediate deliverables such as project plans, requirements, and specifications (Gray 2012, p. 108; Mookerjee and Chiang 2002; Robillard 1999) . Discrepancies between what the client expects and what the contractor delivers can lead to unsuccessful services contracting outcomes; thus interfirm knowledge integration is critical. Prior research has conceptualized knowledge integration in two different ways, one as being across individuals in different, dispersed groups and the second as integration of different streams of knowledge. Recent work has incorporated both these facets by utilizing a richer conceptualization of knowledge integration across groups and across specialized streams of knowledge (Sabherwal and Becerra-Fernandez 2005) . Following engagement/project-level extensions (Sabherwal and Becerra-Fernandez 2005, Tiwana and McLean 2005 ) of Grant's (1996) conceptualization, we define this process of jointly applying specialized knowledge from the client and contractor firms to the service production tasks as interfirm knowledge integration. In this view, knowledge integration creates value through joint application of the specialized knowledge from client and contractor firms. The focus of interfirm knowledge integration is therefore on applying the client and contractor's complementary knowledge to the offshored IT service production tasks rather than on acquiring knowledge (i.e., learning from each other). Our underlying assertion follows Kraut and Streeter (1995) , that knowledge of the business domain is contributed primarily by the client and that technical IT knowledge is contributed primarily by the contractor.
The process of interfirm knowledge integration allows the client and contractor firms to develop a shared conceptualization of what the IT service engagement ought to accomplish (Nonaka and Toyama 2003, Tiwana and McLean 2005) . Clients and contractors might initially begin with different beliefs about what the contracted work entails (Kraut and Streeter 1995) . These beliefs might be influenced by the terminology, nomenclature, lexicon, and rules of thumb associated with specialized domain-specific knowledge that typically resides with specialists in the two firms (Carlile 2004) . Interfirm knowledge integration allows the contractor to accommodate the idiosyncratic business needs and constraints of the client and allows the client to reconcile the appropriate technical constraints faced by the contractor. This ensures alignment between the contractor's services and the context in which the client uses those services; such alignment is critical to successful production (Gray 2012, p. 57) . Prior empirical research has indeed shown-as also empirically verified in this study-that such shared conceptualizations between business users and developers enhance various facets of IT production performance (Curtis et al. 1988 , Faraj and Sproull 2000 , Tiwana 2004a , Tiwana and McLean 2005 , Walz et al. 1993 .
Two attributes of the pertinent knowledge-dispersion and stickiness-make interfirm knowledge integration challenging in IT service offshoring. These attributes require provisioning of customized, unique IT services that suit the idiosyncratic needs of the client (Carlile 2004 , Grant 1996 . First, critical insights, ideas, and expertise are often dispersed on either side of the interfirm boundary: knowledge about the outsourced service's target business needs reside in the client firm, whereas the knowledge needed by the client to monitor the contractor's progress and work is generated in the contractor firm. Similarly, knowledge about the problem domain is likely to be localized and embedded in the practices of the client firm. Second, some of this knowledge is so context dependent that it is difficult to transfer across the client-contractor boundary (von Hippel 1994) . Such stickiness is therefore simply a concept used to describe the lack of absorptive capacity in the client-contractor dyad (Szulanski 1996) . The contractor's work must faithfully reflect the idiosyncrasies of the client business processes in the problem domain and esoteric knowledge about how its users in the client firm perform specific tasks (Curtis et al. 1988 , Walz et al. 1993 . Similarly, some technical knowledge about the service production process is likely to be ingrained in the practices of the contractor firm. Stickiness thus depends on the ex ante knowledge of both the client and the contractor. Such stickiness or lack of absorptive capacity is not a characteristic of the knowledge itself but a function of the preexisting knowledge of the holder and recipient of that knowledge. Stickiness arises when the recipient (here, either client or contractor) of a specific piece of knowledge is less able to comprehend/interpret it because of a lack of complementary knowledge (i.e., absorptive capacity) (von Hippel 1994) . The same piece of knowledge can be stickier depending on the existing knowledge of the two firms between which the exchange occurs. For example, IT architects need to precisely understand the requirements of potential users in the client firm to formulate an appropriate high-level systems design. This requires that the client firm be able to accurately represent its knowledge of the problem domain in a form that the contractor's IT designers and programmers can utilize in the IT service production process (e.g., in the form of precise requirements and specifications).
Whereas knowledge that can be accurately represented in documents, stored in design artifacts, or embodied in software production methodologies can be moved across the interfirm boundary with relative ease, much of the necessary specialized expertise, skills, and perspectives of various stakeholders in either firm can be sticky. Unless such sticky knowledge is adequately understood by the other firm, it cannot be integrated across the interfirm client-contractor boundary. Owing to the tacit components of knowledge that must be integrated across the client-contractor boundary, stickiness produces interfirm knowledge integration challenges.
As we describe in §2.4.1, dispersion and stickiness are less problematic in routine, well-understood design problems because formal requirements and established processes collectively help convey to the contractor the Service Science, Articles in Advance, pp. 1-22, © 2013 INFORMS problem that the outsourced IT service is intended to solve and its scope. Service contracts therefore usually specify what work the contractor will do but not how it will be done (Gray 2012, p. 126) . Shared sets of rules and procedures therefore help coordinate work across the interfirm boundary in routine engagements (Gray 2012, p. 127 ). This perspective is consistent with the idea in new product development literature that shared artifacts (e.g., prototypes, models) and methods (e.g., IT production methodologies, systems testing and integration approaches) assist the integration of sticky knowledge-specialized knowledge boundaries (Carlile 2004) . However, these mechanisms flounder in the presence of novelty, where the differences in client-contractor knowledge increase stickiness of different types of specialized knowledge that must be integrated during the service engagement. Two types of newness-conceptual newness and process newness (both discussed in §2.4.1)-raise interfirm knowledge integration challenges because they make it difficult to integrate sticky knowledge across the client-contractor interfirm boundary. We next discuss how knowledge "partitioning"-the distribution of technical and business domain knowledge across the client and contractor firms at the outset of an engagement-influences interfirm knowledge integration.
Interfirm Knowledge Partitioning
Following Takeishi's (2002) definition, knowledge partitioning is defined as the pattern of distribution of technical and business domain knowledge across client and contractor firms at the outset of an engagement. The baseline knowledge partitioning pattern is one in which the client does not possess in-depth technical knowledge of outsourced IT service activities and the contractor does not have in-depth knowledge of the client's business (although some minimal knowledge overlap is always necessary). There are three possible deviations from this pattern: (1) both firms possess in-depth knowledge of both types, (2) the contractor possesses an in-depth understanding of the client's business domain, or (3) the client possesses an in-depth understanding of the engagement's technical intricacies. These knowledge partitioning patterns are illustrated in Figure 1 . Our assertion here is that, consistent with the idea of specialization among firms, the contractor (client) has high technical knowledge (high business domain knowledge) but low knowledge of the client's business domain (low technical knowledge). Therefore, the knowledge of either firm in its own specialized domain does not appear in the simplistic representation of interfirm peripheral knowledge in Figure 1 .
The optimal knowledge partitioning pattern allows interfirm knowledge integration while imposing minimal costs on both the client and contractor. Contractors and clients are rationally predisposed against increasing their knowledge of the others' domain for two reasons. First, IT contractors face trade-offs between specialization in the technical domain and acquiring some knowledge of the business domains of prospective clients (Becker and Murphy 1992) . Contractors will always acquire knowledge about a compact set of common business problemsand only those problems-since they reduce the costs of communicating with a broad array of prospective clients without resulting in unfettered despecialization. This means that contractors will prefer to invest in acquiring only generic business domain knowledge. Second, when a contractor is faced with relatively routine IT service problems, investing in increasing business domain knowledge that engenders an ability to solve idiosyncratic problems is suboptimal because acquiring such knowledge involves a fixed cost independent of its utilization (Garicano 2000) . For example, knowledge of how a retailer such as Target manages employee performance appraisal processes might not be applicable to the other retailers the contractor serves. Clients incur similar costs in deepening their technical knowledge unless these costs can be spread across several similar engagements. Rapid technological advances in software development techniques, languages, architectural frameworks, and methodologies further reduce the likelihood that developing deep, in-house technical expertise will carry enduring benefits for the client. Therefore, clients will prefer to invest in acquiring just enough specialized technical knowledge to be able to communicate with a variety of prospective contractors.
2.4.1. Predicting the Effect of Knowledge Partitioning on Interfirm Knowledge Integration. The overarching idea that decisions and the knowledge that is useful for making those decisions must be colocated for effective decision-making provides a theoretical lens for analyzing the effect of knowledge partitioning on interfirm knowledge integration. Decision rights are defined as the allocation of decision-making responsibilities (Weill and Ross 2004, p. 8) . The key decisions in IT service production relate to (1) the design (i.e., the features, attributes, functionality, and their implementation) and (2) validation of the design by the client during the engagement. We label these design decisions and validation decisions, respectively, building on the decision rights literature (Tiwana 2009 ). In IT service offshoring, the primary locus of IT design decisions is usually the contractor firm, whereas the validation decisions rest with the client firm, consistent with the notion of interfirm specialization (Prahalad and Hamel 1990, Tiwana 2004b) . This means that although the client might have a say in design decisions and might seek the contractor's input regarding how the design might be validated, the primary hub of design (validation) decisions is the contractor (client). Making such decisions during the offshoring engagement is reflected in effective interfirm knowledge integration across the client-contractor boundary. In contrast, poor interfirm knowledge integration creates a disconnect between the IT system design and actual needs, which is symptomatic of ineffective decisions. Interfirm knowledge integration is therefore an appropriate dependent variable in the proposed model.
The research model thus proposes that an alignment between interfirm knowledge partitioning and engagement newness type predicts interfirm knowledge integration (which, in turn, influences offshoring engagement performance, which is not the focal point of this paper's theory development and is thus excluded from the model). We theorize that different types of interfirm knowledge partitioning patterns are more conducive to interfirm knowledge integration under different types of engagement newness (see below). The four possible knowledge partitioning scenarios and their proposed alignment with engagement types are summarized in Figure 1 .
Type A: Routine Offshoring Enagements Involving Neither Conceptual Newness nor Process Newness. As the starting point for theorizing about different types of newness, we examine how interfirm knowledge integration is accomplished in the absence of newness. A routine engagement scenario therefore represents the baseline for the subsequent theoretical development. Consider the baseline scenario where a IT service engagement is routine; i.e., it is neither conceptually new nor involving new development processes. This represents a relatively well-definable problem space for which the initial state, the goal, and a set of possible operations to reach the goal from the initial state are available (Robillard 1999) . In this case, the baseline, minimalist knowledge partitioning pattern suffices for the client and contractor to represent their specialized knowledge to each other during the process because both (1) formal requirements and (2) a mutually understood process effectively suffice to facilitate interfirm knowledge integration (Carlile 2004) . First, formal requirements can faithfully define the problem space and establish interdependencies between the design of the offshored IT activity and the client's needs. Such requirements embody the client's representation of the problem the contractor must solve in the form of documents, concepts, features, and functionality. This provides the contractor with the requisite knowledge of the client's problem domain to effectively make design decisions. However, because even routine requirements involve tacit knowledge, the stickiness problem is not fully overcome through the use of formal requirements alone (Kraut and Streeter 1995, Szulanski 1996) , which brings the second complementary mechanism that facilitates interfirm knowledge integration into play: the use of an established process provides a mutually understood lexicon for the contractor to provide information generated during the service engagement to the client. This allows the client to validate and refine the contractor's understanding of the problem domain (Carlile 2004 , von Hippel 1994 . Therefore unstated client requirements and constraints that are not fully captured in the preliminary requirements can be integrated during the service production process using the shared lexicon, protocols, and routines of a standardized, mutually understood process (Tiwana 2012) . For example, in using lean development methodologies, contractors use prototypes, mock-up screens, inspections, user walkthroughs, and beta testing to obtain corrective in-course feedback from clients. The contractor can therefore use established IT services production processes for conveying such knowledge to the client during the engagement. This allows for the detection of misalignments with desired engagement objectives and the reconciliation of any ambiguities in the contractor's interpretation of client needs. Interfirm knowledge integration can thus be achieved without requiring the client to possess in-depth technical knowledge or requiring the contractor to understand the 8 Service Science, Articles in Advance, pp. 1-22, © 2013 INFORMS intricacies of the client's business. Thus, extensive client-contractor knowledge overlaps are not necessary for interfirm knowledge integration in IT services offshoring that involves neither conceptual nor process newness. This represents out baseline scenario (cell A in Figure 1 ).
However, because many clients face competitive environments that push them to respond with novel IT services and novel IT-facilitated business processes, not all IT offshoring service engagements are routine. As the newness of outsourced service production engagements increases, client-contractor dependencies increase such that the formal requirements and standardized processes used for routine engagements no longer suffice for effective interfirm knowledge integration (Carlile 2004) . In other words, newness increases stickiness, making the representation of interfirm dependencies more challenging (von Hippel 1994) . The stickiness of the of knowledge depends on the type of associated newness. We consider the effects of two salient types of newness: conceptual newness and process newness. We focus our attention on the source of sticky knowledge associated with both types of newness and the difficulties that are encountered in integrating this knowledge. We show that increasing peripheral knowledge in either the client or the contractor firm can facilitate interfirm knowledge integration in the presence of conceptual or process newness. These patterns are illustrated in cells B and C in Figure 1 .
Type B: Service Engagements Involving Conceptual Newness. Conceptual newness is defined as the extent to which the offshored IT service engagement involves new concepts. The sticky knowledge in conceptually new engagements pertains to the business needs of the client: unique problems, novel ideas, and idiosyncratic project concepts that are conceptually new to the contractor cannot be faithfully conveyed as discrete, objective formal requirements (Rowen 1990 ). The source of such sticky knowledge is the client firm, but its locus of use is the contractor firm. To integrate the knowledge into the contractor firm, the contractor must "unstick" it from the client firm.
The contractor, however, is unlikely to fully understand the client's problem space or accurately interpret the client's intentions with limited complementary knowledge about the client's business. Thus interfirm differences in client-contractor knowledge localize knowledge about the problem domain in the client firm. Specification mistakes can occur when the system's designers do not have sufficient domain knowledge to accurately interpret the client's intentions from a requirements statement or if the client fails to communicate sufficient contextual information (Curtis et al. 1988) . As a result, inconsistent, equivocal, or incomplete interpretation of the client's needs by the contractor can lead to decisions that are incompatible with the client's objectives. This reflects poor interfirm knowledge integration.
Understanding the client's idiosyncratic needs thus requires that the contractor possess a higher level of knowledge about the client's business domain. Such knowledge would raise the contractor's absorptive capacity to facilitate interfirm knowledge integration. Therefore, in conceptually new engagements, higher contractor knowledge about the client's business domain enhances interfirm knowledge integration (cell B in Figure 1 ). This leads to the first hypothesis. Hypothesis 1. In IT services offshoring involving higher conceptual newness, higher levels of client business domain knowledge in the contractor firm enhances interfirm knowledge integration.
Type C: Service Engagements Involving Process Newness. Process newness is defined as the extent to which an outsourced service engagement involves development processes with which the contractor has limited or no prior experience (Tiwana 2012) . A commonly observed example occurs when a major client mandates the use of its internal IT development processes. (Newness to the contractor awaits future work and is not examined here because of the nature of the collected data.) Recall that contractors rely on established processes to convey information generated during the engagement; such information includes system architecture, functionality, feature definitions, user interface, and test cases. Clients then use this information to validate the contractor's interpretations of the problem space. For this reason, it is common for clients to evaluate contractors on adherence to prescribed procedures (Deephouse et al. 1996) . It is important to note that process newness from the contractor's perspective does not imply a lack of technical skills in the contractor firm; rather, the process mandated by the client might be idiosyncratic or proprietary to the client firm.
When the development process is unfamiliar to the contractor, the stickiness of such knowledge generated by the contractor during the service engagement is higher (Ocker et al. 1996) . New processes, in this case from the contractor's perspective, are brittle (Gray 2012, p. 112) ; shared standards and procedures lose their coordination value if they are no longer shared by the contractor and the client firm (Gray 2012, p. 159) . For example, a contractor that is unfamiliar with integrated computer-aided software engineering tools or processes that are proprietary to the client firm might find it difficult to convey the information generated through the use of such processes to the client firm in a form that the client can use to validate the contractor's interpretation of the problem domain and to approve deliverables and intermediate artifacts. Absent a mutually understood, standardized process (Carlile 2004 ) that facilitates integrating sticky knowledge across the client-contractor boundary, interfirm knowledge integration across the two firms in routine engagements is more challenging. The source of such sticky knowledge is the contractor, where the service production work occurs, but the locus at which it is used for monitoring and control purposes is the client firm (Tiwana and Keil 2007) . The bottleneck to interfirm knowledge integration is the absence of a mutually understood process for representing information that emerges during the service engagement to the client. In other words, the prerequisite standardization and mutual understanding of routines and directives as effective knowledge integration devices is no longer met in the presence of process newness. Greater technical knowledge in the contractor firm is unlikely to mitigate this problem because process newness might arise from the use of a client-specific process that is developed in-house by the client firm. This encumbers the contractor's ability to convey such information in a form that the client can effectively use to assess the contractor's ongoing work, hindering interfirm knowledge integration.
Utilizing such information to effectively make validation decisions then requires higher client absorptive capacity (i.e., that the client possess a higher level of technical knowledge). Such knowledge lowers the stickiness of knowledge generated in the contractor firm. The client can then use this knowledge more effectively to monitor, control, and steer the contractor's work. Thus, higher client technical knowledge (cell C in Figure 1 ) enhances interfirm knowledge integration in engagements with higher process newness. This leads to our second hypothesis.
Hypothesis 2. Higher technical knowledge in the client firm enhances interfirm knowledge integration in IT services offshoring engagements with higher process newness.
Type D: Service Engagements Simultaneously Involving Conceptual Newness and Process Newness. When an IT service offshoring engagement involves both conceptual and process newness, both types of interfirm knowledge integration challenges simultaneously arise in the process. Here, the lack of absorptive capacity in both client and contractor firms impedes interfirm knowledge integration. The client therefore needs higher technical knowledge, and the contractor needs higher business domain knowledge (cell D in Figure 1 ) to effectively accomplish interfirm knowledge integration. Building on the logic developed in the preceding sections, such an interfirm knowledge partitioning pattern enhances absorptive capacity in both client and contractor firms, facilitating interfirm knowledge integration. This leads to our final hypothesis.
Hypothesis 3. Higher levels of technical knowledge in the client firm and higher levels of business domain knowledge in the contractor firm enhance interfirm knowledge integration in IT services offshoring engagements that simultaneously involve conceptual and process newness.
Research Methodology
A multistakeholder, multinational field survey of 209 IT service offshoring engagements at the project level was conducted to test the hypotheses. Because projects are the most commonly used unit of contracts in the IT services industry (Ethiraj et al. 2005) , we follow prior studies in this choice of analytical level for studying interfirm service contracts. We contacted 818 IT services contractors through the three globally largest IT services industry consortia in Russia, Ireland, and India: the Russian National Software Development Alliance, the Irish Investment and Development Agency, and India's National Association of Software and Service Companies. To maintain comparability, only projects completed for U.S. clients were included in the study.
Data for each IT service engagement were collected from two key informants from each firm: lead project managers in the contractor firm (known as IT service vendors in the industry) and their business-side liaison managers in the client firm. Data collection was done in two phases, which were preceded by the questionnaire development interviews. In the first phase, we asked the chief executive officer or president of each contractor firm to identify one major project that he or she had recently completed for a U.S. client. The contractor questionnaire was forwarded to the lead manager of this project in each contractor firm. We obtained 232 contractor-side responses. We then asked the project manager to forward a shorter survey to the primary liaison in the client firm. Details of the items included in this survey are shown in the appendix. It is typically the responsibility of the liaison manager (typically from the key business unit associated with the engagement in the client firm) to coordinate with the contractor firm. To ensure that these responses came only from the client firm, we asked for an address to which we could mail a token of appreciation to the client liaison. Only the 209 projects for which dyadic data sets were collected are included in the final analysis.
The response rates were as follows: full sample, 28.4% (232 responded out of 818 contacted); Russia, 33.5% (59/176); Ireland, 29.5% (54/183); and India, 25.9% (119/459). The overall response rate of 28.4% (matched Service Science, Articles in Advance, pp. 1-22, © 2013 INFORMS pairs, 25.5%) compares favorably to typical field studies involving managers. Three steps were taken to maximize response rates: (a) We offered a summary of the key findings of the study customized to each participating contractor firm. (b) We sent a prenotification letter to all firms in the Russian and Irish cluster and to the firms in India for which mailing addresses could be obtained. Then we simultaneously sent the survey via email and in hard copy format with international return envelopes. Three reminders were sent via fax, telephone, and email. (c) We sent preliminary comparative results and a token gift to each responding contractor along with the request for a client-side evaluation. Additional checks suggest that nonresponse bias is not a persuasive threat to our findings. We made follow-up calls to nine randomly selected nonresponding contractors (three each in Ireland, Russia, and India). Most nonparticipating firms declined to participate for lack of time, because of concerns about the sensitivity of the data, or because they no longer were in the IT service business. t-Tests comparing the early (first 50) and late (last 50) respondents revealed no significant differences in cost characteristics such as cost overrun (t = 1 54); interfirm knowledge integration (t = −1 37); client-contractor interaction (t = 0 64); engagement complexity in person-months (t = −1 57); and recorded defect density (t = 0 75) or contractor characteristics such as Capability Maturity Model (CMM) level (t = −1 46), contractor's business domain knowledge (t = 0 185), and age of responding contractor (t = −0 95).
Instrument Development and Construct Measures
The questionnaire used existing measurement scales where possible. New scales were developed for client's technical knowledge, contractor's business domain knowledge, and interfirm knowledge integration based on detailed interviews with 19 IT services project managers (7 in Russia, 6 in the United States, 2 in Ireland, and 4 in India) and seven academic experts. Responses were measured using multi-item, seven-point reflective Likert scales and Guttmann scales. In the survey, the contractor was explicitly defined to include all employees of the contractor firm who worked on the engagement, and the client was defined to include all employees of the client firm with whom the contractor worked with for this engagement. Principal component analysis with orthogonal rotation was used to assess the factor loading patterns for each construct. All scales exhibited convergent validity (indicated by the reliability coefficients exceeding 0.7 and eigenvalues exceeding unity) and discriminant validity (indicated by factor analyses). Furthermore, each measurement item had a high (> 0 7) and significant loading on its respective construct and low cross loadings across constructs. The questionnaire items and reliability coefficients for each construct are summarized in the appendix. The interconstruct correlations, means, and standard deviations are summarized in Table 1 .
For the identification of items for the two types of knowledge in the IT service production process, we drew on prior conceptual research on types of knowledge in the software teams literature and the validated the item pool in our field interviews. Both measures are reflective, as confirmed via factor analysis and highscale alpha values. Client technical knowledge was measured as the client's initial knowledge about detailed technical design, technical constraints, development methodologies, software testing and debugging procedures, and the programming language and environment. Contractor business domain knowledge was measured as the contractor's knowledge of the client's business processes, project objectives, business routines, business rules implemented in the system, and interoperability with client systems. Conceptual newness was measured using a four-item Guttmann scale adapted from Takeishi (2002) . The scale assessed whether the project concepts and design were (a) proven carryovers from earlier projects with minor refinements, (b) major refinements, (c) completely new but based on proven concepts, or (d) completely new and unproven. Process newness similarly assessed whether the IT service production processes used were (a) proven carryovers from earlier projects used with minor refinements, (b) major refinements, (c) new methodology or development tools but based on existing ones, or (d) entirely new methodology and development tools. In both cases, values of (a) and (b) were dummy coded as low and (c) and (d) as high, with the progression indicating an increase in newness on the Guttman scale. The scales for interfirm knowledge integration were developed through a multistage iterative process that began with the generation of a preliminary pool of items based on prior theoretical work and case studies on the construct. The only scale in the literature that loosely corresponded with our construct was Faraj and Sproull's (2000) scale for "bringing expertise to bear" in software development. This was used as a starting point. All other work involving the construct is conceptual, using case studies or proxies for measuring knowledge integration. None is developed in the interfirm context. Initial field interviews were then conducted with 19 IT service project managers to determine how they recognized higher levels of interfirm knowledge integration in IT services. Based on this feedback and the mapping of the items to our theoretical definition of the construct, the initial item pool was condensed and revised for clarity. Following two additional rounds of feedback from a subset of the practitioner panel and academic experts, eight measurement items were retained. Following a reflective latent construct measurement logic, the measurement items assume higher values as the underlying construct of interfirm knowledge integration increases. A reflective measure is one in which the measurement items for the unobserved construct are caused by the unobserved construct of interfirm knowledge integration. To be considered reflective, (a) the latent variable must have direct effects on one or more observed variables (measurement items), and (b) the observed variables must not directly affect interfirm knowledge integration. Therefore, an increase in the level of interfirm knowledge integration should cause an increase in each of the measurement items. Thus higher scores on the measurement items result from higher levels of interfirm knowledge integration. Because the items could result from antecedents other than interfirm knowledge integration, multiple items were used to reliably tap into the underlying common construct. The objective of using indicators was to tap into the underlying class of events (i.e., interfirm knowledge integration) that they have in common. All items were framed in terms of how well they described the working relationship between the client and contractor, thus tapping into the process aspect of the definition consistent with prior work (Nonaka and Toyama 2003 , Sabherwal and Becerra-Fernandez 2005 , Tiwana and McLean 2005 . Because the process itself cannot be directly measured in a variance-based model, its level was assessed using indicators that result from the process of interfirm knowledge integration. Five of these were eventually used to measure interfirm knowledge integration based on the factor analysis of these items and all other constructs in the study. Consistent with our definition of the interfirm knowledge integration construct, these five items reflectively assessed the extent to which (1) the client and contractor combined their unique perspectives to develop creative ideas, (2) the contractor leveraged the client's tacit and explicit knowledge in various functional areas, (3) the client and contractor applied their expertise to the service engagement in innovative ways, (4) the client and contractor developed a shared understanding, and (5) the client and contractor collaboratively made decisions on how to improve offshoring outcomes. Table 2 summarizes the logic behind each item in the interfirm knowledge integration scale. The appendix summarizes the construct measures including the control variables.
Descriptive Statistics
On average, each engagement involved 208 person-hours of development effort (SD = 487 person-hours). The duration of the engagements ranged from 1 month to 4 years, with an average duration of about 11 months (SD = 9 6 months). The average engagement project team size was 20 people (SD = 29 3). The average size of the team dedicated to the engagement by the contractor and client was 16 people (SD = 22 9) and 6.3 people (SD = 11 4), respectively. Because the distinction in the literature is between smaller versus larger teams, and given the large standard deviation, we dummy coded the top two-third percentile of the total team size as large teams. The logic for this approach was to dummy code for team size relative to the engagements in this study and also to retain a sufficient subsample size in both categories. This large standard deviation suggests that the sample has considerable variation in team sizes. As Table 1 shows, clients' technical knowledge (1.40) and contractors' business domain knowledge (1.02) had relatively low values. This is consistent with our expectation based on firm-level specialization that firms in offshoring partnerships are likely to be highly specialized in their core activity domains. Of the contractors that had worked previously with the same client on earlier projects Higher levels of interfirm knowledge integration increases the ideas and concepts that are generated at the engagement level through the joint application of the specialized knowledge from the client and contractor firms to the outsourced service tasks.
2
The contractor firm leveraged the client firm's knowledge in many functional areas during the offshoring engagement.
Higher levels of interfirm knowledge integration increases the extent to which the contractor is able to use specialized knowledge from the client firm's functional departments during the service engagement.
3 During the offshoring engagement, the client and contractor firms applied their expertise to the engagement in innovative ways.
Higher levels of interfirm knowledge integration increases the extent to which specialized knowledge from client and contractor firms is brought to bear on the offshoring engagement.
4
The client and contractor developed a clear understanding of how each business function should be coordinated.
Higher levels of interfirm knowledge integration increases the extent to which the client and the contractor are able to develop a shared conceptualization of the service engagement.
5
In their working relationship during the offshoring engagement, the client and contractor firms carefully made decisions to maximize overall outcomes.
Higher levels of interfirm knowledge integration increases the extent to which decisions during the service production process reflect the client's intended objectives for the engagement.
(59% of the engagements in the sample), the average relationship history spanned approximately 3.6 years. The CMM levels of the contractors varied from 0 to 5. On average, the contractors in the study had been in the IT services business for about seven years (SD = 6 2).
Analyses and Results
A four-step hierarchical regression model was used to test the hypotheses. The four steps in this model are summarized in Equations (1)- (4), respectively. The control variables were first introduced in the model (Equation (1)), followed by the two knowledge and two newness variables (Equation (2)). The hypotheses were then tested by adding two-way (Equation (3)) and three-way (Equation (4) 
The simultaneous analysis of main effects and interaction terms tends to introduce multicollinearity, which residual centering corrects (a retest using mean centering produced consistent significance patterns). This reduces multicollinearity, yielding a regression coefficient for the cross-product term that can be directly interpreted as the effect of the interaction term on the dependent variable. The hypothesis testing strategy is described in §4.1, and the results of these tests are described in §4.3 (see Table 4 for a summary).
Hypothesis Testing Approach
Hypotheses 1 and 2 were tested by adding two two-way interactions to the model in Step 3 (see Equation (3)). Hypothesis 1 proposed that higher business domain knowledge in the contractor firm enhances interfirm knowledge integration in conceptually new engagements. To test this hypothesis, we added a two-way interaction term between contractor business knowledge and conceptual newness to the model. The hypothesis would be supported if the interaction is positive and significant. Hypothesis 2 proposed that higher levels of technical knowledge in the client firm enhance interfirm knowledge integration in engagements with high process newness. To test this hypothesis, we added another two-way interaction term between client technical knowledge and process newness to the model. The hypothesis would be supported if the interaction is positive and significant. These hypotheses can only be tested in the absence of the three-way interactions (Step 3); in their presence in the model (i.e., Step 4), the two-way interaction terms reflect only the conditionalized simple effects for when the other variables in the three-way interaction terms equal 0. Because both these hypotheses are unidirectional, one-tailed t-tests are appropriate for assessing statistical significance (critical t-value ≥ 1 67).
Hypothesis 3 was tested by adding two three-way interaction terms to the model in Step 4 (see Equation (4)). This step also confirmed the baseline assertion that minimal interfirm knowledge overlaps suffice in routine engagements by showing that neither high levels of technical knowledge in the client firm nor high levels of domain knowledge in the contractor firm enhance interfirm knowledge integration when conceptual and process newness are simultaneously low. In the model containing these product terms, the main effects of client technical knowledge and contractor business knowledge reflect conditional relationships when Conceptual newness * Process newness equals 0 (i.e., routine engagements). Neither the main effect of client technical knowledge nor contractor domain knowledge was significant when the two three-way interaction terms are present in the same model (Step 4). Hypothesis 3 proposed that in engagements with simultaneously high conceptual and process newness, having both high levels of technical knowledge in the client firm and high levels of domain knowledge in the contractor firm enhances interfirm knowledge integration. Two three-way interaction terms were used: (1) the interaction between client technical knowledge, conceptual newness, and process newness; and (2) the interaction between contractor business knowledge, conceptual newness, and process newness. This hypothesis is supported if both the aforementioned three-way interaction terms simultaneously exhibit a positive relationship with interfirm knowledge integration. Because this hypothesis is bidirectional, a two-tailed t-test is necessary for assessing statistical significance.
Control Variables
Eight control variables were used to account for rival explanations for interfirm knowledge integration. As the dependent variable is Interfirm knowledge integration, we do not control for known predictors of downstream IT service production performance. Development coordination tools that provide access to project artifacts can improve interfirm knowledge integration, which is reflected in fewer design defects, identification of inconsistencies in the design, and higher overall design quality. Client-contractor tie strength lowers stickiness of knowledge across the client-contractor boundary (Hansen 1999) , thus helping to integrate client needs that are not captured at the outset of the engagement. Greater effort invested by the contractor in the front-end conceptual design phase (Architectural design effort) improves interfirm knowledge integration during the formulation of the high-level system design on which subsequent IT service production phases are based. IT service contractors who have more mature IT development capabilities (CMM level) are more likely to have processes in place that might improve interfirm knowledge integration with the client. Because interfirm knowledge integration is accomplished by individuals, it is inherently more challenging in larger teams than in smaller teams (Team size). Finally, we controlled for prior client-contractor collaboration history. Firm-level variables such as client firm size, contractor firm size, and client industry attributes are not included in the model because the unit of analysis is the IT service engagement.
As shown in Table 3 , the controls for contractor nationality were nonsignificant; future analyses could proceed by pooling all projects. The following controls listed in order of their importance, were statistically significant in the full models: Client-contractor tie strength ( 4 , Team size ( 7 , and CMM level ( 6 . The most important control variable was Client-contractor tie strength. (To ascertain that this result was not an artifact of measurement problems, discriminant validity between this variable, the independent variables, and interfirm knowledge integration was again verified.) Because the choice of controls was based on anecdotal evidence, and in absence of prior empirical work linking them to interfirm knowledge integration, the nonsignificance of the other three controls is not surprising. Table 3 .
Four-Step Regression Results
Step 1:
Step 2:
Step 3:
Step 4:
Control variables
Main effects Two-way interaction Three-way interaction (Equation (1)) (Equation (2)) effects (Equation (3)) effects (Equation (4) 
Results
The hypotheses were tested using the strategy described in §4.1. The four-step hierarchical regression results are summarized in Table 3 .
Hypothesis 1 predicted that higher levels of business domain knowledge in the contractor firm enhances interfirm knowledge integration in engagements with high conceptual newness. This was tested by assessing the significance of the two-way interaction between Contractor business domain knowledge and Conceptual newness. This corresponds to the 13 term in Table 3 ( Step 3). The interaction was positive and significant ( = 0 271, t = 2 56, p < 0 01; one-tailed test), supporting Hypothesis 1. Hypothesis 2 predicted that higher levels of technical knowledge in the client firm enhance interfirm knowledge integration in engagements with high process newness. This was tested by assessing the significance of the two-way interaction between Client technical knowledge and Process newness. This corresponds to the 14 term in Table 3 ( Step 3). The interaction term was positive and significant ( = 0 263, t = 2 43, p < 0 01; one-tailed test), supporting Hypothesis 2. Hypothesis 3 predicted that in engagements with simultaneously high conceptual and process newness, interfirm knowledge integration is enhanced by having high levels of technical knowledge in the client firm and high levels of domain knowledge in the contractor firm. The two three-way interaction terms corresponding to 15 and 16 in Step 4 must be significant simultaneously to support this hypothesis. Neither the three-way interaction for Contractor business domain knowledge ( 15 = −0 23, t = −1 76, nonsignificant; two-tailed test) nor Client technical knowledge ( 16 = 0 15, t = 0 77, nonsignificant; two-tailed test) was significant. Hypothesis 3 was therefore not supported. Our baseline assertion that neither a higher level of client technical knowledge nor contractor business domain knowledge improves interfirm knowledge integration in routine engagements was tested by assessing the significance of the main effects of these two types of knowledge when conceptual newness and process newness are simultaneously low. This conditionalization occurs through the introduction of two three-way interaction terms between Conceptual newness * Process newness and (a) Contractor business domain knowledge and (b) Client technical knowledge in Step 4. These correspond to the 9 and 10 terms in Table 3 (Step 4). Both coefficients must be simultaneously nonsignificant for the hypothesis to be supported. The conditional main effects of both contractor business knowledge ( 9 = 0 046, t = 0 438, nonsignificant; one-tailed test) and client technical knowledge ( 10 = −0 162, t = −1 48, nonsignificant; one-tailed test) were nonsignificant, supporting the baseline assertion.
To summarize the key results, interfirm knowledge integration is enhanced by (1) higher contractor knowledge of the client firm's business in conceptually new engagements and (2) higher client technical knowledge in engagements that involve process newness. Neither of these knowledge overlaps enhances interfirm knowledge integration in routine engagements.
Discussion
The key thesis of the model was that alignment between service engagement newness and interfirm knowledge partitioning influences interfirm knowledge integration-a known predictor of performance-during the service offshoring engagement. The ideal interfirm knowledge partitioning pattern is one that facilitates interfirm knowledge integration at the lowest possible cost to either firm in a service contract. Because either firm incurs costs in acquiring knowledge outside of its immediate domain, a pattern that requires the least deviation from the minimal interfirm knowledge overlaps pattern is preferable.
The results are summarized in Table 4 . They provide new insights into when the contractor needs higher knowledge of the client's business domain and when the client needs higher technical knowledge. The former is critical for knowledge integration in conceptually new engagements and the latter in engagements that rely on new development processes, consistent with the effects hypothesized in §2. Furthermore, routine engagements represent a condition under which it is acceptable for both clients and contractors to have low levels of knowledge of each others' specialty, as envisioned in the core competence perspective.
The finding that higher levels of knowledge about the client's business in the contractor firm enhances interfirm knowledge integration when a service engagement is conceptually new is consistent with the idea that such knowledge allows the contractor to integrate relatively novel concepts, ideas, and objectives from the client firm during the engagement. Although prior case studies have recommended that IT services firms should unconditionally increase the business knowledge of their technical staff (Curtis et al. 1988 , Walz et al. 1993 , the absence of a significant effect of contractor business domain knowledge on routine engagements suggests that the costs incurred in developing such knowledge overlaps do not carry commensurate benefits in routine contracting engagements. Hypothesis 1 (higher levels of client business domain knowledge in the contractor firm enhances interfirm knowledge integration in engagements that involve higher conceptual newness).
The two-way interaction term between contractor business knowledge and conceptual newness should have a positive and significant relationship with interfirm knowledge integration.
Yes
Hypothesis 2 (higher levels of technical knowledge in the client firm enhances interfirm knowledge integration in engagements that involve higher process newness).
The two-way interaction term between client technical knowledge and process newness should have a positive and significant relationship with interfirm knowledge integration.
Extensive client-contractor knowledge overlaps enhance interfirm knowledge integration when the engagement simultaneously involves higher conceptual and process newness.
Hypothesis 3 (higher levels of technical knowledge in the client firm and higher levels of client business domain knowledge in the contractor firm enhances interfirm knowledge integration in engagements that simultaneously involve higher conceptual and process newness).
The two three-way interaction terms between (1) client technical knowledge, conceptual newness, and process newness; and (2) the interaction between contractor business knowledge, conceptual newness, and process newness should have a positive and significant relationship with interfirm knowledge integration.
No
The results further show that higher technical knowledge in the client firm enhances interfirm knowledge integration when an engagement involves process newness. This is consistent with the proposed idea that higher technical knowledge in the client firm facilitates integration of information generated through new processes in the contractor firm to make validation decisions. Such knowledge overlap provides no benefits in routine engagements. Interactions between the knowledge partitioning pattern and engagement newness add significant explanatory power to the model, as indicated by a significant R 2 of 12.4%. The lack of support for Hypothesis 3 suggests that in the simultaneous presence of conceptual and process newness, neither type of knowledge overlap improves interfirm knowledge integration. Surprisingly, the effect of contractor business domain knowledge borders near significance in the negative direction here, suggesting that it might impede interfirm knowledge integration. One explanation for this is that contractors with high domain knowledge might make assumptions about the correctness of the system's design before it is fully validated by the client. The simultaneous presence of process newness in a service engagement-unlike in engagements with only high conceptual newness-makes it difficult for the client to detect the resulting mismatch through the new process, thus hindering interfirm knowledge integration. We also reconfirmed a significant positive relationship between knowledge integration and causally downstream performance that has been observed in previous studies (Faraj and Sproull 2000 , Mookerjee and Chiang 2002 , Tiwana 2004a , Walz et al. 1993 ). 
Limitations
Three limitations of this study should be noted in generalizing its findings. First, interfirm knowledge integration was used as a proxy for how effectively decision rights were exercised during the service engagement; future work should validate the findings using a more direct measure for decision rights exercise effectiveness. Second, newness was assessed only from the contractor's perspective; a fuller understanding of knowledge partitioning also requires examination of newness from the client's perspective. Finally, the interfirm knowledge partitioning patterns were measured cross-sectionally and thus might be distorted by learning that might have occurred over the course of the engagement. This inherent constraint of a cross-sectional design requires longitudinal measurement in future work.
Implications for Service Science
Service firms face an inherent tension between specializing in their own domain and acquiring knowledge about the domains of other firms with which they partner. This poses a dilemma for IT services offshoring that treads into novelty: whereas client-contractor dependencies in producing custom IT services require interfirm knowledge integration, differences in their knowledge can constrain it.
One solution to this dilemma is for the collaborating firms to possess deeper knowledge of their partner's domain. The need for such overlaps is recognized in prior research (Takeishi 2002) , but their alignment with various types of engagement newness is theoretically undeveloped. Furthermore, prior work has not recognized the constraint that firms incur immediate costs but derive uncertain benefits in increasing such knowledge, especially in service industries. The perspective advanced here is that alignment between interfirm knowledge partitioning and engagement newness enhances interfirm knowledge integration. We discuss next the theoretical contributions, implications for knowledge management and service science research, and four avenues for future research.
Theoretical Contributions
The paper makes three novel and original theoretical contributions. The primary contribution is a theoretical explanation for how alignment between interfirm knowledge partitioning and engagement newness influences interfirm knowledge integration in service offshoring partnerships. Although recent new product development research has acknowledged that the absence of knowledge overlaps in manufacturing outsourcing can be problematic in technologically innovative products, neither a fine-grained conceptualization of interfirm knowledge partitioning nor a theoretical explanation for its alignment with engagement newness in IT services offshoring arrangements to our knowledge has been developed. The development of this theoretical link from interfirm knowledge partitioning to interfirm knowledge integration is an original contribution of this paper. The conceptual development of the four patterns of knowledge partitioning and their newness-contingent influence on 1 The relationship between interfirm knowledge integration and project outcomes has previously been established (Faraj and Sproull 2000 , Mookerjee and Chiang 2002 , Tiwana 2004a , Walz et al. 1993 and is not the theoretical focus of this paper. However, we still conducted additional tests to confirm whether higher interfirm knowledge integration is associated with better performance (effectiveness and efficiency). Performance was assessed in terms of contractor's effectiveness and efficiency in accomplishing the outsourced services production work. Effectiveness (five items; seven-point Likert scale; = 0 91; respondent: client) was measured by tapping into (a) system reliability, (b) implementation of functionality, (c) meeting project objectives, (d) meeting functional requirements, and (e) overall fit with client needs. Efficiency was measured using one item in terms of the percentage by which each project exceeded its allocated budget. Higher cost overruns indicate lower efficiency. We found a positive and statistically significant relationship between interfirm knowledge integration and client assessments of effectiveness ( = 0 24, t = 2 84, p < 0 01) and a negative association with budget overruns ( = −0 238, t = −2 28, p < 0 05) that was a proxy for inefficiency. Sobel mediation tests further confirmed that the influence of the independent variables on performance is mediated by interfirm knowledge integration. We tested for this mediation by testing for the statistical significance of the direct effects of knowledge partitioning in addition to the indirect effects on performance, following the multistep Baron-Kenny procedure. The mediator should have a significant relationship with both the independent variable and the dependent variable in each case. The absence of a direct effect in the Sobel test indicates full mediation; its presence indicates partial mediation. No direct effects were found for contractor business knowledge and client technical knowledge on effectiveness and efficiency, suggesting full mediation by interfirm knowledge integration. This mediation effect is consistent with Faraj and Sproull's (2000) prior finding that the utilization, which is conceptually similar to knowledge integration, rather than presence of expertise influences performance. It is also consistent with prior work on new product development teams that has shown that the application of diverse expertise, perspectives, and constraints to a common goal-again, conceptually similar to knowledge integration-is associated with higher performance.
Service Science, Articles in Advance, pp. 1-22, © 2013 INFORMS interfirm knowledge integration are noteworthy advances from antecedent works on interfirm knowledge partitioning such as Takeishi (2002) and intrafirm knowledge partitioning such as Tiwana (2012) . The idea of engagement-specific alignment in client-contractor knowledge partitioning developed here also contributes new insights to the IT services outsourcing literature, which has focused primarily on the agency-theoretic issues during the development process and on contract structuring under uncertainty but offers little guidance for the choice of contractors at the outset of an offshoring engagement.
A second contribution of this work is in showing when and why service providers and clients must maintain in-house knowledge beyond their core capabilities to specialize effectively. This is a notable insight, considering that both clients and contractors have strong disincentives to move in this direction-a subtlety that is recognized neither in the service science literature or in the product development literature. Moreover, each firm may face resource constraints in acquiring and maintaining knowledge outside its core activity domain. The insight that the benefits of such knowledge are contingent on the type of engagement newness is a notable refinement over the prior body of work. The results complement Tiwana's (2012) recent intrafirm study on the alignment of novelty and peripheral knowledge in software development teams within the same organization. Our results show patterns in interfirm offshoring partnerships (i.e., spanning client and contractor firms) that mirror those found in intrafirm (i.e., IT department and line function in the same firm) settings. However, unlike Tiwana's (2012) intrafirm study that predicted how rapidly the two departments within the same firm converged on a stable project solution, our focus was on knowledge integration across two independent, specialized firms. Put broadly, the pattern indicates remarkable interfirm and intrafirm consistency in the knowledge distribution patterns across the two parties and newness types, albeit with different dependent variables.
The third contribution is in delineating the types of offshoring engagements where the client firm might need to share closely guarded knowledge about its business with a contractor. The results show that this happens only in conceptually new engagements. Sampling contractors from Russia, Ireland, and India, where the majority of global services offshoring occurs, increases the generalizability of our findings.
Implications for Service Science Theory
The most intriguing implication of the results for service science theory is that alignment between clientcontractor knowledge partitioning and engagement newness is critical in offshoring IT services. Interfirm knowledge integration-a central explanatory mechanism in this perspective-is recognized in prior service science research, but how different forms of knowledge partitioning influence interfirm knowledge integration is not. In a notable departure from prior IT services outsourcing research, these results inform the choice of contractors at the outset of service offshoring engagements. The IT requirements elicitation literature implies that more business domain knowledge in the contractor is unconditionally beneficial (Shaft and Vessey 1995) , yet the results show this to be so only in conceptually new engagements. Its benefits are incommensurate with the potential costs in all other types of engagements-a downside that prior research has not recognized.
The second insight for service science research is that contractors are more likely to use somewhat new processes in engagements that are also conceptually new to them (as suggested by the high and positive correlation of 0.353 between conceptual and process newness). Strict adherence to a known set of development processes is only possible for engagements that are similar to ones that the contractor has done before. In contrast, the full understanding of a conceptually novel engagement goal usually requires cyclic iteration between detailed design and the usage environment itself. In other words, the process itself embodies some knowledge and is more readily reusable when the contractor sufficiently understands the problem domain, but it might require some degree of modification for conceptually novel engagements. This implies that the offshoring of conceptually new IT services is feasible by clients with limited technical knowledge only if a process familiar to the contractor is closely followed.
Implications for Knowledge Management Theory
The overarching theoretical implication of the study for knowledge management theory is that the effective organization of IT service offshoring requires solving interfirm knowledge integration problems in the presence of specialization. The first implication of these results is that the alignment between client-contractor knowledge partitioning and engagement newness enhances interfirm knowledge integration.
The second implication is that it is sometimes necessary for clients and contractors to possess knowledge outside of their core domain to effectively develop systems through offshoring arrangements. The decision to acquire specialized knowledge about the other firm's domain can be guided by the pattern of knowledge partitioning that will facilitate interfirm knowledge integration. The results show that clients who outsource IT services need to maintain deeper in-house technical knowledge only when novel processes are used. Thus, offshoring novel IT services work does not entail eschewing internal technical knowledge. The results also show that recently observed knowledge partitioning patterns in in-house IT services production (e.g., Tiwana 2012) are largely consistent with outsourced production observed in this study, even though less formal intrafirm boundaries and a shared organizational context plausibly ease knowledge integration in an intrafirm context.
The third implication is that the identification of the conditions under which transferring valuable internal knowledge to a contractor is valuable for the client. Although clients that outsource IT services often fear sharing firm-specific, proprietary business knowledge with contractors, the results show that this might be necessary when offshoring engagements involve conceptual newness. If the problem domain is novel to the contractor and the client incurs the up-front costs of transferring such knowledge to a contractor, it is desirable to keep an ongoing relationship with the same contractor to avoid repeatedly educating different contractors about the same problem domain. Alternatively, if the problem domain is industry-generic, clients might effectively prescreen contractors for such knowledge.
6.4. Practical Implications 6.4.1. A Priori Choice of Service Contractors. The results can guide managers' services sourcing decisions, especially their choice of contractors for a specific engagement. Although it is difficult to mold a contractor to fit the knowledge partitioning pattern appropriate for a given engagement, it is relatively easier to recognize prescreen for the scope of knowledge that a contractor and client must span. Figure 2 illustrates how the type of engagement can be used to better select contractors in IT service contracting decisions. For additional practical checklists, see also Tiwana (2004b) .
Judging the Value of Investing in Developing Interfirm
Knowledge Overlaps in Service Production Contracts. Both clients and contractors incur costs in deepening their knowledge outside their immediate specialty. Therefore such investments are of considerable practical concern to managers. The results provide guidance for both clients and contractors in their decisions about when it is desirable to invest in developing their own firms' peripheral knowledge. IT contractors should invest in enhancing the business expertise of their developers when they undertake conceptually novel engagements. Firms that outsource services need to acquire technical knowledge only when the outsourced work involves novel development processes; they do not necessarily need deep technical knowledge to outsource innovative, conceptually new engagements.
Directions for Future Research
These results highlight four fruitful issues for future research. Does alienability of decisions-whether one firm can viably delegate its own decision rights to the other-compensate for knowledge partitioning misfits? Further, contingencies beyond this subset of dispersion and stickiness (e.g., requirements tacitness, requirements volatility, and client-contractor power distribution) can be explored in future theory development. Can the theory developed here inform a engagement-specific choice of digital coordination tools? The effectiveness of each tool might be contingent on whether the type of knowledge it helps integrate is sticky in that type of engagement and whether it can instead help move specific decision rights to the source of sticky knowledge. Finally, interfirm spillovers should be examined in such settings as they represent an understudied mechanism through which service contractors can move up the service value chain.
Conclusions
Specialization is a competitive necessity, yet it is sometimes necessary for firms to have knowledge beyond their domain of specialty in order to specialize effectively. This is the crux of the peripheral knowledge paradox. As firms increasingly use outside contractors to source specialized services yet heavily rely on such services to compete in the marketplace, the effective management of the tension between specialization around their core competence and achieving strategically critical service production becomes critical. The objective of this paper was to understand when client and contractor firms must maintain knowledge of the other's domain in interfirm IT services offshoring arrangements. The central idea developed was that aligning interfirm knowledge partitioning with engagement newness facilitates interfirm knowledge integration. We empirically demonstrated that the interfirm knowledge partitioning pattern most conducive to interfirm knowledge integration varies systematically with the type of engagement newness. The fine-grained conceptualization of knowledge partitioning and a theoretical explanation for its newness-contingent value are noteworthy original contributions. Overall, the results suggest that if firms fail to systematically consider interfirm knowledge partitioning in service offshoring decisions, they forgo the opportunity to fully exploit available expertise. An appreciation of the contingencies described here can help both contractors and clients tread the fine line between freewheeling despecialization and myopic specialization without compromising their ability to effectively collaborate.
